SUMMARY Two children (aged 10 and 12 years) were admitted unconscious to a neurosurgical department after traffic accidents. Both developed a 6th nerve paralysis on the next day. One patient was able to communicate from the 2nd day and died on the 8th day in an anuric state without major neurological deficit. The second patient remained deeply comatose, tetraplegic, and required intermittent artificial respiration: She died of pneumonia on the 26th day. Neuropathological examination revealed a ponto-medullary rent in each case; additionally there was avulsion of small arteries over the pyramids, haemorrhage and small focal infarcts in the distribution of perforating arteries in the medulla and pons, and abundant retraction balls in longitudinal fibre tracts of the brain stem. The cases show for the first time that traumatic ponto-medullary tears are not always rapidly fatal, and demonstrate that primary focal brain stem trauma may occur in the absence of diffuse trauma of the white substance.
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Tears at the ponto-medullary junction as a result of severe cranio-cervical injury are well-recognised, '-5 but they are usually associated with almost instantaneous death. Accordingly, it has been argued by Adams and his group6-8 that primary damage to the brain stem as a result of a non-missile head injury does not occur in patients who survive their injury long enough to be transferred to a neurosurgical unit, and there is always diffuse damage to the white matter in such cases. The two cases documented in this paper, however, show that patients with primary traumatic ponto-medullary rents may survive for days or weeks after injury.
Case report
Case 1 This 10-year-old girl was found unconscious fastened in a safety belt after a 100 m crash down a steep slope sitting in a Lada Taiga car. On admission she was unconscious but reacted to pain. Extension spasms, bilateral extensor plantar responses and gaze deviation to the right were observed. She had a haematoma of the occiput and multiple bruises on her body. Radiographs and CT scan of the head were normal. On the cervical spine film there was a suspicion of an atlanto-axial subluxation. On the second day the child was able to communicate and now had paralysis of the 6th cranial nerve on the right side. One day later she could move all limbs to command. Removal of the endotracheal tube resulted in severe inspiratory stridor and she had to intubated again. The 6th nerve paralysis improved on the 5th day. The following day she deteriorated and a bilateral pneumothorax was noted and treated. She died in an anuric state the 8th day after injury.
Post mortem examination Injuries: Bruising of the thorax, occiput and right orbit. Rib fractures from the 1st to the 9th on the right side with pneumothorax; haemothorax on the left (100 ml). Pencillike extradural haematoma on the clivus from the dorsum sellae to the foramen magnum. No skull fracture, subluxation of the atlas (not investigated properly), so-called shock lungs, bone marrow embolism of the lungs, but no fat embolism.
Neuropathological examination Brain weight 1300 g. There was some subarachnoid haemorrhage over both parieto-occipital regions and in the interpeduncular fossa. group.bmj.com on October 14, 2017 -Published by http://jnnp.bmj.com/ Downloaded from Survival after traumatic ponto-medullary tear Fig 6 Ponto-medullary rent surrounded by a broad necrotic zone which approaches the floor ofthe 4th ventricle. Kluver-Barrera.
of the tear but also in other parts of the medulla and pons namely in the pyramids, the inferior cerebellar peduncles (fig 8) , the medial lemnisci and vertical fibre tracts of pons except the superior cerebellar peduncles. A few retraction balls were seen in the corpus callosum. The 6th nerve root passed through the necrotic zone beside the tear. Its extrapontine portion on the left side displayed Wallerian degeneration as well as some root fibres of the 12th nerve. Central chromatolysis was present in the dorsal column and 12th nerve nuclei.
Extensive infarction was present in the boundary cortex zones of both hemispheres, the calcarine cortex and the Purkinje layer of the cerebellar cortex but the Sommer sector was not damaged. Pressure necrosis in the parahippocampal gyri and a tiny infarct in the 3rd nerve nucleus were attributed to tentorial herniation. ,3t.^. fractures of the skull base and reported corresponding experiments on dead bodies. During axial tension on the brain stem avulsion always occurs at the ponto-medullary junction. This fact corresponds with the experience that tears can occur in this region after forceful removal of the brain from the cranium.4 In animal experiments Gennarelli and co-workers9 reported avulsion of the brain stem at this level after extremely high angular acceleration of the head in the sagittal plane. It is very likely that in our cases cervical hyperextension occurred too; the equivocal changes at the craniocervical junction and the haematoma on the forehead and occiput point to extensive movements in the sagittal plane. The extradural haematoma on the clivus in the first case could be due to avulsion of the apical ligamentum of the dens but this region was not investigated properly at necropsy.
VASCULAR LESIONS
In both cases ruptured arteries were found in the meninges facing the pyramids, surrounded by haemorrhages. Additionally focal infarcts and haemorrhages occurred in the distribution of perforating arteries in the medulla and the pons. These lesions are due to shearing of perforating arteries which result from the differential motility of brain stem and vessels. In cervical hyperextension the basilar and vertebral arteries lag behind in relation to the brain stem as they run in a bigger radius curve. An unusual focus of haemorrhagic infarction was observed in the choroid plexus of the 4th ventricle in our second case. These changes could be attributed to a vascular lesion but more likely result from contusion of the choroid plexus itself being squeezed between cerebellum and medulla in severe hyperextension. This kind of lesion to our knowledge has not been reported previously. Survival after traumatic ponto-medullary tear there was a small infarct in the nucleus of the affected side of our second case. Schneider and Johnson" reported traumatic 6th nerve paresis due to cervical hyperextension accompanied by fractures of the cervical spine and attributed nerve damage to shearing forces at the dural passage. They did not say if the 6th nerve paralysis appeared immediately after injury or somewhat later. Extension spasm and gaze deviation in the first case was probably due to shearing of nerve fibres in the pyramidal tracts and left cerebral peduncle. In the second case the deep tear entirely disconnected the pyramids from the pons and thus led to a flaccid tetraparalysis. Extensor plantar responses and some reactive movements in the legs developed later. Nystagmus might have been caused by shearing of the inferior cerebeilar peduncles, while the abolition of the corneal reflexes can be explained by the disconnection of the descending trigeminal root. Central chromatolysis of the 12th nerve nuclei in both cases and Wallerian degeneration of the 12th nerve root fibres in the second case suggest that paresis of the tongue might occur clinically. The respiratory centre of the medulla oblongata is situated in the reticular formation medial and dorsal to the rostral apex of the lower olives. '2 This region lies close to the caudal edge of the deep tear in the second case and is in accord with the recorded respiratory arrest and insufficient respiration although spontaneous respiration was regained later. Forensically it is of great importance to appreciate that even big lesions of the ponto-medullary junction need not be immediately fatal.
